Anemia is common in elderly patients undergoing surgery and in critical patients. A 72-year-old man submitted to a revision of hip replacement implant was diagnosed with tuberculosis, followed by pulmonary fibrosis, pulmonary heart disease and compensatory erythrocytosis. In the postoperative period, he got anemia which improved his clinical status. Anemia reduces viscosity, i.e. one of the components of vascular resistance to laminar (according to the law of Hagen-Poiseuille) and turbulent flows. In conditions of decreased hematocrit, shear thinning occurs more easily and in larger caliber vessels. Hemodiluition reduces both right and left cardiac afterloads, thus provoking an improvement of the blood flow. As the hematocrit decreases, oxygen delivery increases, because the increase in the cardiac output is greater than the decrease in the concentration of hemoglobin. Further studies are needed to confirm this physical model and to establish the variable and degree of the transfusion trigger.
Introduction
Anemia is common in elderly patients undergoing surgery and in critical patients. 1 Anemia is defined as the reduction of blood oxygen-binding ability; it is function of the total number of red blood cells (RBCs), so it is commonly defined as a decrease in number of RBCs. 2 The prevalence of preoperative anemia fluctuates from 5.4% to 38.0% and it reaches up to 29% in intensive care unit (ICU) patients having hemoglobin concentration less than the normal range at admission. 3 However, it is unclear whether and how degree preoperative anemia influences postoperative mortality. 4 Moreover, the consequences of anemia on morbidity and mortality in the critically ill patient are poorly defined. 3 In this paper, we present a case in which the reduction of red blood cells from 6.5 to 3.65×10 12 /L has improved the clinical status of the patient.
Case Report
A 72-year-old man, previously submitted to a hip replacement surgery, was admitted to our hospital to revise his hip replacement implant. When he was young, he had been diagnosed with tuberculosis, followed by pulmonary fibrosis. Subsequently, he had developed pulmonary heart disease and compensatory erythrocytosis, resulting in tissue hypoxia.
At the time of admission, laboratory test results revealed hemoglobin (Hb) 18 g/dL, RBC 6.5x10 12 /L and hematocrit 57%. At rest, he showed pulse oximeter oxygen saturation (SpO 2 ) of 90-91% breathing ambient air, and tissue oxygen saturation (StO 2 ) of 75-77%. After stress, SpO 2 decreased to 83%, and recovered slowly; StO 2 decreased to 67% and recovered faster. These clinical features considered, microvascular oxygenation, microvascular blood flow, bleeding, and transfusion had to be carefully cared for during surgery. In the immediate post-operatory course, the patient was recovered in intensive treatment unit. Pulse oximeter oxygen saturation was 98% and StO 2 was 77% with continuous positive airway pressure (CPAP) and Ventimask ® ; Hb concentration was 9.5 g/dL, with 1 red blood cell units transfused.
The following days, the patient was transferred to the hospital ward. Pulse oximeter oxygen saturation was 95% and StO 2 was 77%, supported by oxygen therapy with nasal cannula at oxygen flow of 2 L/min. Blood laboratory tests revealed levels of Hb concentration of 11 g/dL, RBC 3.65×10 12 /L, and hematocrit 32%.
Although blood oxygen-binding ability reduced in this new rheological condition, the patient felt well, even better than before surgery. His hemodynamic condition was not worsened as we might have expected taking into consideration the effects of the anemization on arterial oxygen content (CaO 2 ).
Discussion
The present case illustrates the importance of blood features for hemodynamics. In order to elucidate the phenomenon, we maintain that the hydrodynamic laws regulating the blood flow must be analyzed. The flow of a fluid through a conduit can be explained by the hydraulic analogy of the Ohm's law. Ohm's law states that the flow of electrical charges through a conductor between two points is directly proportional to the potential difference across the two points, and inversely proportional to the electrical resistance. Similarly, the flow of a fluid through a conduit depends on the pressure gradient at the ends of the ducts and on the vascular resistance to the flow, due to the resistance to the constant flow and the resistance to the change of the flow. 5 The main determinants of resistance to laminar flow were determined by Hagen and Poiseuille, who arrived at the mathematical equation that describes this relationship:
where: Q is the volumetric flow rate; DP is the pressure drop; p is the mathematical constant Pi; r is the radius of the conduct; L is the length of the pipe; and m is the dynamic viscosity. 6 The turbulent flow (Reynolds number>2300) is associated with a non-linear relationship between pressure and flow, dependent primarily on the viscosity of the fluid. 7 Hematocrit is the main determinant of blood viscosity (m) 8 and a reduction in the hematocrit decreases the denominator of the Poiseuille-Hegan law, thus increasing blood flow (Q).
Moreover, blood is not a Newtonian fluid, but, from a rheological point of view, it is considered a suspension of cells in a homoge- neous fluid. The corpuscular part and the serum are moving at different rate flows. In small-caliber distal vessels, plasma flows more easily, so in these vessels the relative plasma volume increases, the relative viscosity decreases and the flow is facilitated. This phenomenon is called shear thinning. In conditions of decreased hematocrit, it occurs more easily and in larger caliber vessels; therefore, the flow rate increases in a greater area of the vascular bed. 9 Oxygen delivery (DO 2 ) is the amount of oxygen delivered to the whole body from the lungs. 7 It is the product of total blood flow and the oxygen content of arterial blood, directly dependent on Hb. Hemoglobin is directly proportional to DO 2 , so as Hb reduces, Hb decreases as well. Nevertheless, it has been shown that the progressive hematocrit decrease is associated with a steady increase in cardiac output, with a slope proportionately greater than expected for the inverse proportionality. 10 This response is attributable to the dependence of viscosity on the flow rate. Euvolemic hemodilution remarkably reduces both right and left cardiac afterloads, as they share blood features.
Analyzing the trend of the DO 2 with varying hematocrit, there is evidence 11 that the zenith of the curve occurs for a hematocrit value of 30%. For this to happen, it is essential an adequate cardiac functional reserve, because the increase in the DO 2 is subordinated to the increase in cardiac output under conditions of reduced afterload. 12 Reducing the hematocrit from 45 to 30%, the DO 2 augments because the increase in the cardiac output is greater than the decrease in Hb concentration. Further reductions of hematocrit decrease the DO 2 because they reduce Hb, and a further increase in blood flow is unable to compensate this reduction. In more advanced stages, the inadequate supply of O 2 to the heart limits the increase in blood flow.
Conclusions
We reported a case of euvolemic anemia that improves clinical conditions. This effect is due to hemodiluition that reduces both right and left cardiac afterloads, thus provoking an improvement of the blood flow.
This explanation can justify the evidence that a high degree of anemia can be well tolerated and that the morbidity and the mortality do not increase until Hb levels reach values lower than 7 g/dL 13 (up to 4.5 g/dL). 14 A Carson's systematic review 15 and the Triiodothyronine for Infants and Children Undergoing Cardiopulmonary Bypass (TRICC) trial 16 have shown a reduction in 30-day mortality with restrictive transfusion strategy compared to the group with bountiful indication for transfusion.
Further studies are needed to comfirm this physical model and to establish the variable and the degree of the transfusion trigger.
